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Abstract
Macroinvertebrate community composition and differing patterns of land use/
land cover (LULC) were assessed in three watersheds of northern New Jersey. A total of
six 40-m reaches were sampled in the agriculturally dominated Wallkill, the urbanized
Rockaway and the forested Flat Brook. Qualitative observations and scorings of ten
habitat factors commonly associated with stream health and water quality were made at
each site. These Habitat Assessments resulted in the two Flat Brook sites being rated as
“optimal” and the remaining four sites being rated as “suboptimal”. The 2007 NJDEP
Land Use/Land Cover (LULC) dataset was used to determine percent urban, forested,
agricultural, barren land, water and watershed cover types. LULC was analyzed for each
site at two spatial scales: 1) within a 100m riparian zone upstream from the sample point
and 2) the entire drainage area of the watershed upstream of the sampling point. LULC in
the riparian area was not found to be highly correlated with watershed area LULC.
Eleven types of single value and multimetric indices and percentages of the six types of
functional feeding groups were computed from 3,908 individual benthic
macroinvertebrate samples. Similarities in results from the single metric and multi-metric
indices suggest that they were equally useful for most sites in determining habitat
conditions based on the biota. The metrics supported the notion that as forest cover
increases, the quality and biodiversity of macroinvertebrate communities improves. The
strongest correlations were between macroinvertebrate multimetric indices and forest
cover at both the riparian and the watershed scales. R-values at the watershed scale were
highest when forest cover was correlated to the High Gradient Macroinvertebrate Index

(HGMI), the Hilsenhoff Biotic Index (HBI) and the Shannon Weiner Index of
Biodiversity. Poisson regression model results indicated that
urban and water LULC significantly impacted the number of EPT species. Urban
negatively affected the number of EPT species and water positively affected the number
of EPT species. A better understanding of how to analyze biological communities at
different landscape scales can improve management approaches for the physical habitat
of streams and improve basin-wide water quality conditions and stream biological
integrity.
Key terms: biomonitoring, land use, land cover, New Jersey, stream, watershed, scale,
macroinvertebrates, urbanization
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Introduction
Macroinvertebrates and Aquatic Ecosystem Health
Benthic macroinvertebrates are highly abundant in temperate rivers (Allan and
Flecker 1993) and play critical roles in the ecosystem. New Jersey hosts a robust
macroinvertebrate population comprised of almost 1,000 different taxa in six major
groups; flatworms, segmented worms, mollusks, crustaceans, arachnids and insects
(NJDEP 2007).
Macroinvertebrates are useful tools for biomonitoring and water quality
assessment and pollution tolerances vary among taxa (Mazor et al. 2006). For example,
the aquatic worm Limnodrilus spp. has a pollution tolerance value of ten (very tolerant to
pollution) while some species like the Black Caddis, Psilotreta frontalis, are extremely
sensitive to pollution and have tolerance values of zero (Merritt et al. 2008). These
values, and the ratio of tolerant to sensitive species, form the basis for several Indices of
Biotic Integrity (IBI) (Hilsenhoff 1982). IBI’s are designed to quantitatively assess the
condition of a biological community and provide a snapshot of ecosystem health (Griffith
et al. 2005). Long term monitoring of a site and its associated IBI can alert land managers
to changes in the system so sources of impairment can be investigated and remediated
(NJDEP 2007, Bonada et al. 2006). A group of macroinvertebrates that are commonly
used as indicators of good water quality are mayflies, stoneflies and caddisflies in the
orders Ephemeroptera, Plecoptera and Trichoptera (EPT). They are particularly sensitive
to changes in the environment and their presence or absence from a stream system can
also provide valuable habitat assessment information (Weijters et al. 2009).
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Benthic macroinvertebrates play critical roles in ecosystem processes by
accelerating decomposition, releasing bound nutrients by feeding, burrowing and
excretion, acting as a food source for fish and other organisms and accelerating nutrient
transfer to open waters of lakes and riparian zones of streams (Wallace and Webster
1997, Covich et al. 1999, Urban et al. 2006). Different species of macroinvertebrates are
not interchangeable; they are each responsible for a unique suite of ecosystem processes
so if species are lost, changes to entire ecosystems are inevitable (Kovich et al.1999).
Assignment of benthic macroinvertebrates to functional feeding groups indicates
the type of food source used and the feeding mechanism involved (Bonada et al.
2006). Shredders like Plecoptera (stoneflies) typically feed on coarse particulate organic
matter (CPOM) and transform it into smaller pieces through digestion and excretion.
Collector-gatherers like Trichoptera (caddisflies) feed on small particles that are
suspended in the water column. Grazers like Coleóptera (beetles) feed on algae covered
surfaces and predators like Odonata (dragonflies and damselflies) are carnivores (Merritt
et al. 2008). These feeding group classifications can also be useful in analyzing habitat
changes because specialized feeders like shredders and scrapers may be more sensitive to
disturbance than generalists like collector-gatherers (Moore and Palmer 2005, Bonada et
al. 2006).
The River Continuum Concept models changes in macroinvertebrate communities
that occur as the structure and habitat of a river transitions along the drainage network
(Covich et al. 1999). In the headwaters, forest canopy is dense, CPOM is abundant and
the amount of light reaching the stream is minimal. This habitat is typically dominated by
shredders (Covich et al. 1999). As the river widens and grows, trees provide less shade
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and grazers feed on algae that grows with increased light exposure. Collector abundance
also increases as the food resources shift to smaller particles that have floated
downstream (Covich et al. 1999). Predators take advantage of available food resources
and are present along the continuum (Merritt et al. 2008). In addition to their sensitivities
to pollution and diversity of feeding mechanisms, macroinvertebrates offer a variety of
advantages as biomonitoring tools such as their mostly sedentary lifestyle, ease of
collection, ubiquitous occurrence, compatibility with inexpensive sampling equipment
and well-described taxonomy (Bonada et al. 2006).
Because aquatic macroinvertebrates are so uniquely adapted to their
microhabitats, they respond to chemical and physical changes at a variety of spatial and
temporal scales (Dovciak and Perry 2002). Their presence, diversity and relative
abundance are dictated by environmental conditions, so macroinvertebrates have been
used by biomonitoring programs to assess human watershed impacts and to measure the
health of aquatic systems over time (Roy et al. 2003). The goal of many of these
programs is to guide conservation and management decisions that will protect or restore
the biological integrity of streams (Karr and Dudley 1981). Recent work in stream
ecology (Allen 2004) has raised the question of the effect of landscape scale in habitat
investigations. How the habitat structure of the riparian zone and the surrounding
landscape impacts the distribution of stream organisms, remains a largely untested
hypothesis.
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Riparian Scale
Most management plans designed to protect river corridors and their associated
biota have focused on riparian zones. If vegetated, these areas adjacent to the channel
serve a variety of beneficial functions that can help to maintain water quality by
preventing pesticides, sediments and other pollutants from entering the stream (Roy et al.
2003, Riva Murray et al. 2010). Deep rooted trees and shrubs provide shade, stabilize
stream banks and are an important source of energy inputs in the form of woody debris
and leaf material (Sponseller et al. 2006). Dead trees, both in the river and within the
riparian zone, provide critical habitat for insects and provide natural alteration in the
velocity and flow regimes of the streams (Sponseller et al. 2006). Kiffeney et al. (2003)
found that riparian trees help to regulate aquatic ecosystem processes such as inputs of
light, organic matter and nutrients and these processes can be altered dramatically when
these trees are removed. Destruction or removal of riparian zones results in major habitat
degradation (Walsh et al. 2007, Sponseller et al. 2006). According to Kiffney et al.
(2003), headwater streams and their associated biota are highly sensitive to decreased
forest cover, even when the buffers were as large as 300 meters. Kyriakeas and Watzin
(2006) cited proximity of agricultural sites to riparian zones as a major disruptor of
healthy macroinvertebrate community composition.
All 50 U.S. states have acknowledged the need to protect riparian zones and
regulations have been implemented as a means to preserve and enhance water quality.
Required widths of these regulated “buffer zones” vary among states and are determined
by multiple factors including channel size, slope and scale of floodplain (Dovciak and
Perry 2002). According to the New Jersey Department of Environmental Protection’s,
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(NJDEP) 2008 Riparian Zone Model Ordinance, riparian buffers must be 300 feet (90 m)
wide along both sides of Category 1 (Cl) streams, which tend to be the highest water
quality in the state. Other buffers range from 50 ft (45m) to 150 ft (15m), depending on
the level of impairment and if threatened and/or endangered species are present. Urban et
al. (2006) found that sizes of riparian zones were excellent predictors of diversity and
abundance of stream communities along a rural to urban landscape gradient. Protecting
these corridors is a critical piece of watershed management as decreased forest cover has
been correlated with changes of species composition and loss of biodiversity (Allan,
2004, Dovciak and Perry, 2002, Kyriakeas and Watzin 2006).

Watershed Scale
Watershed characteristics have also been strongly linked to stream biota and some
studies cite land use/land cover (LULC) at the watershed scale as having the greatest
impact on aquatic macroinvertebrate diversity and abundance (Kyriakeas and Watzin
2006, Dovciak and Perry 2002). As natural land is replaced by urban, suburban or
agricultural uses, streams exhibit predictable symptoms of “urban stream syndrome”
(Cuffney et al. 2010). Numerous studies have reported flashier hydrographs, smaller
sediment sizes, elevated levels of suspended solids, altered channel morphology, reduced
biotic richness and increased dominance of tolerant species as forested land is lost
(Kennen et al. 2012, Cuffney et al. 2010). Because benthic macroinvertebrates are
sensitive to habitat changes, “urban stream syndrome” can have devastating impacts on
their communities. Faster moving water dislodges and displaces animals, reduces
sediment pore space that is a critical habitat component for many taxa and increases
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turbidity that interferes with respiration and feeding processes (Cuffney et al. 2010,
Kennen et al. 2012). Weijters et al. (2009) found that for every 10% of natural watershed
land impacted by human uses, almost 6% of the native freshwater fish and
macroinvertebrate species disappeared.
New Jersey is the most densely populated state in the nation and balancing land
and water protection with development presents a tremendous challenge. In 2007, the
NJDEP implemented new Flood Area Hazard regulations that provide increased
protection for streams by mandating larger riparian zones (NJDEP 2007). The minimum
size for riparian buffers is now 15m for most streams and at least 90m for exceptionally
high quality headwater streams. These new regulations offer additional protective
benefits to streams and their associated biota, but are they enough? Rather than managing
aquatic systems at the riparian scale, perhaps New Jersey’s landscape should be managed
on a larger scale to realize the most protective benefits (NJDFW Landscape Project).
The purpose of this study was to examine the effects of LULC on benthic
macroinvertebrate communities at two landscape scales. The first objective was to test
the hypothesis that differences in LULC types within watersheds and riparian zones
account for differences in macroinvertebrate communities. The second objective was to
compare the macroinvertebrate community data to LULC at both spatial scales to
determine if one scale is a better predictor of biological conditions than the other.
Methods
Study Sites
Three watersheds in northern New Jersey were chosen for this study. The Flat
Brook, Wallkill and Rockaway watersheds are comprised of a complex matrix of human
6

activities and natural areas. Changing land uses and land covers in these watersheds may
have drastic impacts on water quality and stream biological communities. This is
particularly important because portions of these watersheds exhibit exceptional natural
resource values and provide drinking water for more than half of all residents of New
Jersey (NJDEP 2009). The Flat Brook is located in the Valley and Ridge Province and
the Wallkill and Rockaway are located in the Highlands Province. For the purposes of
comparison, the three watersheds vary minimally in slope, climate, and precipitation. All
three watersheds were shaped by Late Wisconsinan glacial sedimentation and the stream
sediments are dominated by glacial material (G. Pope, personal communication). All are
fourth or fifth order streams (as defined by Strahler) to guarantee sufficient flow and
suitable riffle habitat for benthic macroinvertebrate sampling, and to allow for
comparisons between rivers.
Six study sites were selected in these three northern New Jersey watersheds with
varying dominant LULC types (Fig. 1 and Table 1). The Flat Brook partially lies within
state park and forest boundaries and ranks among the rivers with the highest surface
water quality in New Jersey (NJDEP 2008). The Flat Brook at the School of
Conservation site (FBS) is located in the heart of the Montclair State University School
of Conservation’s property and is surrounded by dense hemlock forest. It is classified as
a FW1-TP1, which designates it as a stream of “Outstanding Natural Resource Value”
(ONRW). Because trout successfully reproduce here, it has also received “TP” status
(NJDEP 2008). The Flat Brook at Route 560 site (FBB) is located approximately one
mile west of Rte. 206. This popular fishing location has limited tree canopy directly
adjacent to the stream but has a well-established herbaceous riparian boundary and has
7

predominantly forested LULC upstream of the site. It is also a TP stream and has a
Category One (Cl) status. Cl status mandates that a 300 ft buffer is required to maintain
water quality. The Rockaway River in the Rockaway watershed is the most urbanized of
the three watersheds and the two selected sites differ greatly in adjacent land use. The
Rockaway site at Waterworks Park (RWW) is located within Waterworks Park, has a
stable riparian zone dominated by tree cover and is adjacent to a neighborhood and
mowed athletic fields. Is has been designated as a trout maintenance (TM), Cl stream.
The site located at St. Clare’s Hospital (RSC) runs along the parking lot of the hospital
and through the Rockaway River Country Club and golf course. This is a non-trout (NT),
Cl stream. Clove Brook (WCL) and Papakating Creek (WPA) in the Wallkill watershed
exhibit the highest percentages of agricultural use. WCL is located below the outflow of
Clove Acres Lake and flows through the small town of Sussex and alongside the Sussex
Middle School. This is an NT stream with no Cl designation so the riparian buffer rules
do not apply. WPA flows through an area that is heavily dominated by agricultural fields.
This stream has been classified as NT-C1.
Habitat Assessments
Qualitative observations of ten habitat factors commonly associated with stream
health and water quality were made at each site during the August 2012 sampling period
(Table 2). Sample protocols were revised from NJDEP’s Standard Operating
Procedures: Ambient Biological Monitoring Using Benthic Macroinvertebrates (NJDEP
2007). Habitat assessment consisted of visual scoring of ten parameters of habitat quality
including epifaunal substrate, embeddedness, velocity/depth regimes, sediment
deposition, channel flow status, channel alteration, frequency of riffles, bank stability,
8

bank vegetative protection and riparian vegetative zone width. Each parameter was
scored on a scale from 0 to 20, with 0 being poor and 20 being optimal. A total score of
200 was possible for each site with 160-200 being optimal habitat, 110-159 being
suboptimal, 60-109 being marginal and 59 or less rated as poor. The assessed area
included the sample site and its immediate surroundings, within an approximate 50-meter
radius. All sites were assigned a total habitat score (poor, marginal, suboptimal or
optimal) based on this assessment (Table 2).
Land Use/Land Cover Data
Watershed and riparian zone boundaries along with LULC percentages were
determined for each of the six study sites using a geographical information system (GIS).
ARCMAP (v. 10, ESRI) was used to delineate watershed boundaries. The 2007 NJDEP
Land Use/Land Cover dataset was used to determine percent urban, forested, agricultural,
barren land, water and watershed cover types. LULC was analyzed for each site at two
spatial scales: 1) within a 100m riparian zone upstream from the sample point and 2) the
entire drainage area of the watershed upstream of the sampling point.
Watershed polygons were created and used to clip the NJ 2007 Land Use/ Land
Cover dataset in ARCMAP 10 to calculate the LULC for each subcatchment area and
riparian zone measurement (Figs. 2 and 3). For the riparian zone measures, ARCMAP 10
was utilized to create buffer zones from which LULC data were extracted (NJDEP 2010).
The buffer data represent a subset of the watershed data. All LULC data were converted
to percentages of the specific land area type considered (Tables 3 and 4).
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Macroinvertebrates
Macroinvertebrate sampling occurred in summer (August) and fall (October) of
2012. Two 40-meter stream reaches were identified for sampling in each of the three
watersheds. All sampling reaches were upstream of adjacent road crossings. At each site,
three transect lines were established 20 meters apart in stream reaches that were
dominated by fast water habitats, or riffles and runs (Fig. 4). Sample points were placed
at the midpoint of each transect and X
A of the way between the midpoint and stream’s
edge. During the second sampling event, points were shifted one meter to the
downstream right to avoid areas that were disturbed during the first round of sampling. A
Hess sampler (243 pm mesh, 0.086 m2 sample area) was used to collect one benthic
sample at each point, for a total of nine replicates per site. These were managed as
discreet samples, rather than being composited. Level of effort was consistent for all
samples at approximately five minutes per point, invertebrates were stored in labeled
glass jars in a solution of 95% ethyl alcohol in the field.
In the laboratory, all macroinvertebrate specimens were identified to lowest
practical level (genus for most taxa) using Voshell (2002), Peckarsky (1990) and Merritt
et al. (2008). Collembola, Chironomidae, Hydracarina, Oligochaeta and Turbellaria were
identified to the family level. Aerial adult insects, terrestrial invertebrates, empty snail
shells, body fragments, insect pupae, caddisfly cases, or exuviae were excluded from
counts. For each macroinvertebrate taxon, functional feeding group designations and
tolerance values were assigned according to the standards in the NJDEP “Master Bug
List” (NJDEP Bureau of Freshwater and Biological Monitoring, personal
communication). Specimen identifications were verified by NJDEP staff in the Bureau of
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Freshwater and Biological Monitoring and vouchers were deposited at Montclair State
University.

Macroinvertebrate Data Analysis
The results of the nine samples from each site were composited for analysis.
Biotic Index scores, or pollution tolerance values (PTV), ranging from 0-10 were
assigned to each taxa. These values are based on organic pollution tolerance and were
determined using the standards set forth by the NJDEP in the “Master Bug List” (NJDEP
Bureau of Freshwater and Biological Monitoring, personal communication). Nine single
value metrics were analyzed for each site (Tables 5 and 6); taxa richness, total density,
Ephemeroptera, Plecoptera and Tricoptera (EPT) richness, percent EPT, mean pollution
tolerance value (MPTV), percent non-insect, percent Chironomidae, percent composition
of each of the six functional feeding groups and the Shannon Weiner Index of
Biodiversity.
Pollution tolerance values indicate sensitivity of aquatic organisms to
anthropogenic disturbance and provide a useful tool for assessing the biological condition
of waterways. After PTV’s are estimated for each taxa, a mean pollution tolerance value
(MPTV) can be computed that summarizes the tolerance information of all the taxa
observed at a sampling site. MPTV’s can be used to observe changes over time at a site
or as a tool for between-site comparisons.
Multimetric indices are combinations of single value metrics that represent
benthic macroinvertebrate response to human impacts (Jessup 2007). Two multimetric
indexes, the Hilsenhoff Biotic Index (HBI) and the High Gradient Macroinvertebrate
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Index (HGMI) (Jessup 2007), developed specifically for NJ’s high gradient streams, were
utilized. The HBI is a measure of the macroinvertebrate assemblage tolerance toward
organic (nutrient) enrichment (Hilsenhoff 1987). This index is considered an indicator
taxa metric and a functional group metric, since taxa that become more dominant in
moderately enriched streams take advantage of shifts in the available food in the stream
(Hilsenhoff 1987).
The HGMI takes seven metrics into account that correlate with watershed area
(Table 5). Metrics are adjusted on a continuous scale using the regression relationships
between metric values and catchment size in reference sites (NJDEP 2007). HGMI
calculations were performed by the NJDEP’s Bureau of Freshwater and Biological
Monitoring using their Rapid Bioassessment Protocol Analysis (RBPA) computer
program. For each site, a computer-generated random subsample of 100 organisms was
selected and utilized for calculations and bioassessment ratings.

Statistical Analysis
Several statistical methods were performed to analyze the data. Microsoft Excel
was used to create correlations between HGMI, HBI and Shannon indices and each
LULC type and coefficients of correlation (r values) were calculated. SAS 9.3 was used
for all other analyses. Since the data was not normally distributed, the nonparametric
Kruskal-Wallis test was to compare total number of species and total number of EPT
species to each of the six research sites. To determine if land use at the watershed and
riparian scales impacted the total number of species and number of EPT species that
occur at each of the sites, a Poisson regression model was used to fit to the data. AIC
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values were compared to determine if watershed or riparian scale had a greater impact on
macroinvertebrate communities.

Results
Physical Habitat Assessments
The values for both Flat Brook sites were within the 160-200 range that equates to
optimum habitat scores, with FBS rating the highest of all sites at 182 and FBB earning
168. RWW and RSC exhibited the next highest set of values with 145 and 122
respectively, and earned a suboptimal rating within the 110-159 range. The Wallkill sites
scored lowest of all three watersheds but were still considered sub-optimal with values of
118 for WCL and 122 for WPA.

Land Use/Land Cover Data: Watershed Scale
The six watersheds varied in size and ranged from 40.25 km2at WPA to 251.36
km at RSC. The two sites in the Rockaway encompassed the largest land area. Upstream
urban area percentages were greatest at RWW and RSC at 23.27% and 32.36% and
smallest in the Flat Brook, with both sites having urban coverages of less than 2%. Both
sites in the Flat Brook have over 80% forest cover, by far the highest of all six sites. The
Wallkill sites have the least forest coverage with WCL at 47.30% and WPA at 38.44%.
WCL and WPA have the highest percentage of agricultural use in all six watersheds with
coverages of 21.64% and 31.16%, respectively. All other watersheds contain less than
one percent agriculture as a LULC type. The amount of water ranged from 0.71% at
WPA to 5.12% at RSC. Wetland percentages in all sites were fairly comparable and
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ranged from 9.96% at RSC to 15.95% at WCL. Barren land represented less than 1% of
the LULC in all sites. Table 3 and Figure 2 display these values.

Land Use/Land Cover Data: Riparian Scale
The six, 100-meter riparian zone areas varied in size from 2.58 km2at FBS to 7.10
km2at RSC. Urban area percentages were greatest at RSC at 32.37% and 21.37% at
RWW. Percentage of urban cover was smallest in the Flat Brook, with both sites having
urban coverages of 2% or less. FBB has an upstream forest cover of 62.77, the highest of
all six sites with FBS as the second highest at 55.25%. The two sites with the least forest
coverage are RSC at 25.04% and WPA at 32.23%. Forest cover percentages at RWW are
nearly identical at 32.23% at WPA and 32.24% at WCL. WPA and WCL have the
highest percentages of agricultural use at 22.57% and 11.83%, respectively. All other
riparian zones range from 0-1.2% agricultural LULC. Water varied from 15.13% at
RWW to 1.11% at WPA. Barren land was not a significant cover type at any of the sites.
Table 4 and Figure 3 display these values.
Comparisons o f Land Use/Land Cover Data: Watershed and Riparian Scales
Riva Murray et al. (2010) reported that riparian zone LULC is often highly
correlated with catchment LULC. A comparison of LULC types in the three study
watersheds and riparian zones did not necessarily support these findings. At both sites in
the Flat Brook, forest cover was higher in riparian zones while the percentages of water
and wetland areas were lower. At FBS, this was a difference of over 28% while at FBB, it
was almost 23%. In the Rockaway, RWW and RSC saw opposite trends. RWW exhibited
almost 30% forest cover in the riparian zone over the watershed scale while RSC showed
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25% less forested land from watershed to riparian scale. The greatest changes in the
Wallkill were observed in the agricultural coverages. At WCL, percent agriculture was
about 10% higher at the watershed scale and WPA exhibited a similar pattern. Urban
coverages were very comparable at all sites with the exception of WPA, which had
15.22% urban coverage at the watershed scale and 9.10% in the riparian areas.
Percentages of water and wetland areas were higher in all riparian analyses (often times
to compensate for decreasing forest cover, which would naturally be expected in the
riparian zones.

Macroinvertebrate Metrics
Multiple macroinvertebrate metrics were used to assess the structure of the
macroinvertebrate community and characterize the biological condition of the streams.
These metrics were not compared to a control site, but comparisons among the sites were
used to provide assessment of the macroinvertebrate communities relative to one another
and to LULC measurements.
A total of 3,908 individual macroinvertebrates distributed across 17 orders, 60
families and 106 different taxa were collected from the sample sites in 2012. Complete
species lists for each site are provided in the Appendix. The ten most common taxa
represented 75% of all individuals collected. The riffle beetle, Optioservus spp. (PTV4),
water penny, Psephenus herricki (PTV4), and flat-headed mayfly, Maccaffertium spp.
(PTV3), were found at all six sites. The freshwater shrimp, Gammarus fasciatus (PTV6),
was found at five of the six sites and was, by far, the most numerous taxa with 956
individuals collected; surprisingly, it was absent from FBB (Appendix) as it is found in
almost every aquatic habitat type in New Jersey (NJDEP 2007). The next most abundant
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taxa was the net spinning caddisfly, Cheumatopsyche spp. (PTV5), at 493 individuals,
which was found at all sites except RSC. The Cheumatopsyche genera has a wide range
of tolerances and the most common species may be successful in polluted streams where
other caddisflies are not (Merritt et al. 2008). Fifty-five of the taxa were only found at
one site.
Two of New Jersey imperiled species were identified from the collections. Two
individuals of the Maine Snaketail, Ophiogomphus mainensis, were found at FBS. Three
individuals of the Rusty Snaketail, Ophiogomphus rupinsulensis, were collected at RSC.
O. mainensis has been assigned State Element Rank S2, which designates it as imperiled
due to rarity (with only 6 to 20 occurrences statewide). O. rupinsulensis is rare to
imperiled (S2S3), with 6-100 occurrences recorded in NJ (Bangma 2003). The genus
Ophiogomphus is of great ecological importance as they are valuable indicators of water
quality. While O. rupinsulensis is rather elastic, most of the other species have very
exacting habitat and water quality needs and can only be found in clean, fast running
waters with forest canopy that partially overhangs the stream (Barlow et al. 2009). O.
mainensis is only found in two heavily forested watersheds in northwestern NJ; the Flat
Brook and along portions of the Black River in the Raritan. (A. Barlow, personal
communication). Both species identifications were confirmed and reported to the New
Jersey Odonata Survey and the New Jersey Endangered and Nongame Species Program
in June 2012.
The metrics supported the notion that a strong relationship exists between land
use and the health of biological communities. Taxa richness, or the greatest number of
unique taxa, was highest at the two Flat Brook sites; 43 at the FBS and 47 at FBB. These
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sites also had the greatest numbers of the EPT taxa that are known to be particularly
sensitive to anthropogenic stressors. FBS had a richness value of 20 and FBB was 15.
FBB was tied with RWW at 56% EPT and FBS had the third highest value of 48%. These
forest-dominated sites also had the lowest MPTV’s, number of non-insect taxa and
percent Chironomidae, which typically increase in response to declining water quality.
Multimetric indices and bioassessment ratings also indicated that the Flat Brook sites
were in excellent condition. Hilsenhoff scores for FBS and FBB were the lowest of all
sites at 3.72 and 3.27 (out of a possible 10), which indicates that these sites are less
degraded in terms of organic pollution. HGMI ratings were 77.58 and 80.82, when any
score greater than or equal to 63 is considered excellent.
The metrics at RWW exhibited a combination of good quality and poor quality
values. The number of individuals collected (702) and taxa richness (39) were both
relatively high. EPT richness was third highest at 11 and the site was dominated by EPT
taxa at 56%. Mean pollution tolerance value was 4.61 out of 10. Non-insects were fairly
high at 21% but only 1% of the sample was comprised of Chironomidae. HBI was a 4.65
and the HGMI rating of 44.77 assessed this site condition as within the good range of 4263.
Sampling at RSC resulted in a high number of individuals (861), but not the
highest of all sites. This site exhibited one of the lowest species richness metrics of the
sites with 29 taxa, with only 3 of those being EPT species that made up 8% of the total
sample. No Plecopterans, which are generally the most sensitive to pollution, were
collected at this site. RSC had the highest mean pollution tolerance value (5.54). Five of
the six sites were dominated by insect taxa but RSC’s population consisted of 68% non-

17

insect taxa, with the vast majority of those being Gammarus fasciatus (scuds) and
Corbicula fluminea, the non-native, invasive Asian clam. Interestingly, only 3% of this
site’s sample was comprised of Chironomidae, or non-biting midges, which generally
increase as water quality declines. This site’s HBI was a 5.53, the third highest of all
sites. Sites that score between 21 and 42 are considered fair and the HGMI score of RSC
was 26.21.
WCL and WPA had two of the three lowest taxa richness values at 29 and 23.
Although EPT richness was 7 at both sites, percent EPT was vastly different; 37% of the
sample were EPT taxa at WCL while only 7% of the sample at WPA was comprised of
EPT taxa. Mean pollution tolerance values were 5.00 and 4.61 and non-insects made up
about one third of the samples at each of the Wallkill sites. Chironomidae dominated
WPA at 38% of the total sample and were second highest at WCL at 27%. Hilsenhoff
scores were two of the highest with 5.00 at WCL and 4.61 at WPA. HGMI scores were
almost identical at 23.05 and 23.82 and both streams were rated as fair.
Percentages of the six types of functional feeding groups were calculated and
analyzed for each site (Fig. 5). FBS and FBB exhibited the highest diversity and the
greatest percentages of scrapers and predators of all sites. Diversity of taxa within these
groups are good indications of the ability of the ecosystem to support varied taxa and are
one indictor of a healthy system. Gatherer/collectors and filterers typically feed on fine
particles from stream bottoms and the water column and are hypothesized to increase
with human impact (Kyriakeas and Watzin 2006). RSC, WCL and WPA were heavily
dominated by gatherer/collectors at 57%, 71% and 77%. The greatest number of filterers
was found at RWW at 50% of the total sample. The relative percentage composition of
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shredders who are usually associated with headwaters streams and eat coarse organic
material is predicted to decrease as LULC changes from forested to urban (Wallace and
Webster 1996). Shredders were only found at three of the six sites; FBS, FBB and WPA
and all were in low numbers at 1-2%.

Macroinvertebrate and Land Use/Land Cover Types
A variety of biological metrics were selected for use in this study to attempt to
establish relationships between macroinvertebrate communities and LULC data.
Similarities in results from the single metric and multi-metric indices suggest that they
were equally useful for most sites in determining habitat conditions based on the biota.
Habitat assessment scores were a useful tool for assessing local stream conditions and
supported the data provided by the biological metrics.

All biological metrics resulted in “excellent” ratings for both sites on the Flat
Brook, with FBB being the least impaired site overall and FBS following closely behind.
These sites exhibited the greatest percentage of forest cover and the lowest amount of
urban development at both the watershed and riparian scales. FBS also had the lowest
percentage of agricultural lands at both the watershed and riparian scales of all six sites.
FBB had the highest biodiversity metrics of the six sites.
The biological metrics were also in agreement with LULC at the riparian and
watershed scales at RWW. Even though this site is located in the watershed with the
highest percentages of urban LULC at both scales, it is within a local park that has
maintained forest cover adjacent to the stream; 57% in the watershed and 37% in the
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riparian zone. This is the third highest percentage of forest cover of all sites at both scales
and the site earned the third best single metric and multi-metric scores of all sites.
The results are slightly less straightforward for the remaining three sites. WCL
and RSC were the fourth and fifth most impaired sites overall. The majority of single
metric indices suggested that conditions at WCL were more favorable except for a high
percentage of Chironomidae and the highest number of individuals collected (1362) of all
sites. The multi-metric indices rated both sites as “fair” but both the HBI and HGMI
indicated that RSC was a less impaired site. Interestingly, RSC was the only site that
supported a population of Corbicula fluminea, the non-native, invasive Asian clam. The
substrate at this site was the sandiest of all sites, which is the preferred habitat of this
species. WCL exhibited significantly more forested cover at the watershed scale at
47.30% as opposed to 32.24% at the riparian scale. RSC contained 51.12% forest at the
watershed scale and 25% within the riparian zone. WCL also had more agriculture and
less urban development at both scales. It is unclear from this evidence if scale of LULC
impacted the biological communities.
WPA was rated fair and was the most impaired site of the six, according to both
single and multi metric indices and habitat assessments. This site contained the highest
percentages of agricultural land at the watershed and riparian scales and the least forest
LULC in the watershed. Forested and at the riparian scale was almost a third of total
LULC. It seems clear that this site is heavily impacted by agriculture in the surrounding
landscape but it is unclear if the level of impairment can be linked to landscape scale.
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LULC and Macroinvertebrate Metrics

The strongest correlations observed were between macroinvertebrate indices and
both forest scales. Plots of multimetric index scores with percent forest cover at both
scales provided a means of comparing these two variables (Fig. 6). The strongest linear
correlations occurred between the HGMI and HBI scores and forest cover at the
watershed scales. Forest cover was also strongly correlated at the watershed scale when
compared to the Shannon Weiner Index and taxa richness (r=0.96). Barren land was
strongly correlated with percent EPT at the riparian level (r=-0.94) and MPTV was
strongly correlated with forest cover at the riparian scale (r=-0.97). Perhaps the strongest
relationships were seen between Chironomidae percentages at the agricultural sites. The
correlation coefficient at the watershed scale was 1.00 and at the riparian scale was
r=0.99. This is supported by findings of Kyriakeas and Watzin (2006) who found that an
increase in Chironomidae and dipterans was a common characteristic of sites with
increased agricultural use. Urban land, wetlands and water showed no significant
relationships with macroinvertebrate data. Watershed scale was a stronger predictor of
macroinvertebrate communities than riparian scale in 40 of the 60 correlations calculated
for this study.
The total number of individual macroinvertebrates were compared to each of the
six research sites using the nonparametric Kruskal-Wallis test, since the data was not
normally distributed. There was a significant difference in the sample data of
macroinvertebrates from the six research sites with p-value 0.0031. Specifically, the
following sites were significantly different from each other: FBS and RSC (p-
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value=0.023), FBS and WCL (p-value=0.0183), FBS and WPA (p-value=0.0006), FBB
and RSC (p-value=0.0405), FBB and WCL (p-value=0.0353), FBB and WPA (pvalue=0.0016), RWW and WPA (p-value=0.0148). The remaining pairs were not found
to be statistically significant from each other.
To compare the number of macroinvertebrates among the research sites using
only EPT species, the nonparametric Kruskal-Wallis test was also used to compare the
six sites. There was a significant difference in the sample data of macroinvertebrates from
the six research sites with p-value <0.0001. Specifically, the following sites were
significantly different from each other: FBS and RSC (p-value=0.0064), FBS and WPA
(p-value=0.0026), FBB and RSC (p-value=0.0002), FBB and WCL (p-value=0.0060),
FBB and WPA (p-value<0.0001), RWW and RSC (p-value=0.0161), RWW and WPA
(p-value=0.0093).
To determine if land use at the watershed scale impacted the species richness, a
Poisson regression model was fit to the data. None of the land use significantly impacted
the species richness at the watershed scale. A Poisson regression model was also fit to
EPT species. Urban and water LULC was found to significantly impact the number of
EPT species with p-value 0.01 and 0.04 respectively. Urban LULC negatively affected
the number of EPT species and water positively affected the number of EPT species
(Table 7).
To determine if land use at the riparian scale impacted the species richness, a
Poisson regression model was fit to the data. None of the land use significantly impacted
the species richness at the riparian scale. A Poisson regression model was also fit to EPT
species. Urban and water LULC was found to significantly impact the number of EPT
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species with p-value 0.01 and 0.04 respectively. Again, urban LULC negatively affected
the number of EPT species and water positively affected the number of EPT species
(Table 8).
To determine if watershed or riparian scale had a stronger impact on
macroinvertebrate communities, the AIC values were compared. The two models were
very similar; the AIC value from the watershed scale model was 34.21 and the AIC from
riparian scale data was 32.06. This difference was not significant and so a conclusion
cannot be drawn based on the data.

Discussion

The results of this study support the hypothesis that LULC is a good predictor of
macroinvertebrate communities. Kennen (1999) found that amount of forested land
proved to be the best predictor of an unimpaired benthic community and similar results
were observed here. Multiple lines of evidence demonstrated that sites with the highest
percentages of forest cover at both the riparian and watershed scales (FBS, FBB and
RWW) were highly correlated with increased macroinvertebrate biodiversity and the
most robust macroinvertebrate communities. These same sites earned the highest scores
in the physical habitat assessments, indicating that local habitat is also a major factor in
influencing the health of aquatic communities. Walters et al. (2009) found that in-stream
habitat conditions along the sampling reach could be valuable indicators of
macroinvertebrate community composition and this was supported by that habitat
assessment data in this study. High habitat scores were linked directly to high biological
metrics. It was expected that the sites along the Flat Brook would have the greatest
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ecological integrity as they are heavily forested, largely undisturbed and surrounded by
one of the most contiguous tracts of preserved lands in New Jersey. The results at a more
site with one of the greatest percentages of urban land cover, RWW, were unexpected.
RWW earned a suboptimal habitat score but hosted a rich EPT community and a
high degree of biodiversity. RWW scored third best overall in the cumulative biodiversity
ratings and even though the watershed and riparian zone each contained almost 23%
urban development, riparian forest cover was almost 60%, suggesting that the 100m
riparian zone afforded some benefits in protecting the stream from urban impacts. RWW
flows through Waterworks Park and it is likely that the increased degree of protection in
this stream’s adjacent land use and the robust forest cover in the 100m riparian zone are
major factors contributing to the health of this stream’s macroinvertebrate community.
The results observed at RWW are supported by Moore and Palmer (2005), who found
that urban streams with high amounts of intact riparian forest exhibited biodiversity
levels more comparable to less urban areas.
Roy et al. (2003) found that densities of scrapers, filterers and gatherers were
more sensitive to LULC change than other functional feeding groups, and were positively
related to increased forest and decreased urban land. In all six sites, there was a
conspicuous absence of shredders, which is unusual as elevated numbers of leafconsuming shredders are typically associated with headwaters streams and would have
been expected, especially at the Flat Brook sites. The high numbers of collector/gatherers
found at the more disturbed sites or the sites with the least amount of forest cover (RSC,
WCL and WPA) suggest that amounts of particulate matter in the water column may be
impacting water quality. These three sites earned the lowest overall Habitat Assessment
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and biological ratings and the higher numbers of collector-gatherers supports these
metrics. In impaired systems, particle sizes of organic matter are smaller, thus changing
the makeup of the biological community that consumes these particles (Bonada et al.
2006). This is consistent with the River Continuum Concept that describes how the
composition of consumers changes along a drainage network. Shredders are typically
abundant in the smaller upper reaches where forest canopy is dense and there is abundant
leaf material, grazers that scape algae from rock surfaces are absent in smaller, more
well-shaded streams but are abundant as the stream grows and is exposed to more
sunlight and collector/gatherers filter finer particles in larger streams where tiny
fragments that have washed downstream are abundant (Vannote 1980). Predators can be
found in all habitat types but Smith et al. (2008) found that percent of predators was
significantly lower in urban when compared to rural streams. This was also true of the
sites in this study; predators were abundant at FBS and FBB and much less common at
other sites.
Four of the six sites selected for this study (FBB, RSC, WPA, WCL) are long
term monitoring sites for the NJDEP’s Ambient Biomonitoring Network. NJDEP sites
are sampled for benthic macroinvertebrates every four years so historical data beginning
in 1998 was available for comparison to the 2012 survey. Although some methodology
differed between DEP protocols and those of this study, site ratings and biological
metrics were similar. NJDEP biologists use kick nets instead of a Hess sampler to collect
specimens, target a diversity of habitat types rather than focusing only on riffle habitat
and identify a subsample of 100 individuals from the collection in lieu of the entire
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sample (NJDEP 2007). DEP biologists also receive formal training in Habitat Assessment
scoring and rating protocols.
Despite the differences in study design and resources, HBI, HGMI and Habitat
Assessment scores for three of the four sites were comparable (Table 7). The HGMI
scores for RSC, WCL and WPA were fair and Habitat Assessment ratings were
suboptimal for both sampling periods. The metrics suggest site conditions at FBB have
improved from 2008 to 2012 as the HGMI score increased from good to excellent and the
Habitat Assessment rating changed from good to optimal. Comparisons of the
macroinvertebrate communities observed in both studies also suggest that identification
of a subsample of organisms from a diversity of habitat types may yield a sufficient
representation of the stream community and that stream communities at these sites appear
to be relatively stable.
This study provides evidence to further support the notion that LULC types
(particularly forest and urban cover) are important to consider when assessing biological
communities. The data suggests that watershed scale may be a better predictor of
biological communities than the riparian scale but additional factors must be considered
before drawing conclusions that may impact landscape management practices.

Future Studies
At the time this study was conducted, the 2007 GIS LULC data was the most
current available and it may not accurately reflect the physical conditions of the
landscape in 2012. When the 2012 dataset is made available, it may provide an
interesting opportunity to study long-term trends of the biological communities in the
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watersheds. Historic data might also be utilized to interpolate current LULC values.
Hydrological and chemical data as well as an intensive assessment of the physical
habitats would also be useful to determine the extent to which macroinvertebrate indices
can predict physical, chemical, and hydrological stream conditions. The Habitat
Assessment data collected at each survey site might also be considered as a third spatial
scale for comparison of LULC types.
A comparison to the long term monitoring data collected by NJDEP that has been
collected over multiple seasons and multiple years could enhance this study by
compensating for seasonal variation and fluctuations in local conditions. Food resources
fluctuate and lifespans of benthic macroinvertebrates range anywhere from <1 month for
some flies to 150 years for mollusks. Environmental conditions like temperature, weather
and hydrologic regime are dynamic. To obtain a more thorough analysis, long term
datasets could be closely examined to understand whether and how conditions and
communities change as they relate to changes in the landscape. Kyriakeas and Watzin
(2006) and Wiley et al. (1997) found that studies that are spatially expansive but do not
sample over time are likely to report variation in communities as a result of larger
landscape-scale influences and long term studies in smaller sampling regions are likely to
conclude that variation in communities is a result of riparian-scale influences.
With respect to improving the statistical analysis of the data, a larger sample size
(i.e. more stream sites) should be analyzed to reinforce the hypothesis that the best
environmental predictor of macroinvertebrate integrity is watershed scale.
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Conclusions
Protecting portions of the Flat Brook, Wallkill and Rockaway watersheds is
critical as these areas exhibit exceptional natural resource values and are part of source
areas for drinking water for more than half of all residents of New Jersey. These
watersheds also support highly diverse ecological communities that serve numerous roles
in ecosystem function from nutrient cycling to water purification. Human activities in
these watersheds have transformed forested land to urban, suburban and agricultural land
uses and macroinvertebrates are excellent bioindicators of the degradation of water
quality that accompanies these changes of the landscape. They can be used as “canaries
in the coalmine” to indicate changes in ecosystem health.
As New Jersey’s population continues to grow, the need to manage land more
intensively will require a better understanding of how differences in scale relate to stream
biological communities. Combating the effects of forest loss and increased urbanization
may involve more rigorous enforcement and restoration of riparian buffers or managing
landscapes from more of a watershed scale perspective. Understanding how changing
landscapes at different scales impact biological communities can improve management
approaches for the physical habitat of streams, lead to improved water quality conditions
and preserve stream biological integrity. These understandings are critically important
everywhere, but are imperative in New Jersey where the already most densely populated
state will continue to attract new residents.
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Table 1. Location descriptions of the six study sites.

S ite C o d e

W a ter sh e d

S tream N a m e

S tream
C la ssific a tio n

C ity

C o u n ty

L a t/L o n g

FBS

F la t B ro o k

U p p e r F lat B ro o k

FW 1
TP1

S an d y sto n

S u ssex

4 1 ° 1 3 '4 2 .9 3 7 " ,
-7 4 ° 4 5 '4 1 .4 6 2 3 "

FB B

F la t B ro o k

B ig F lat B ro o k

FW 2
TPC 1

S an d y sto n

S u ssex

4 1 ° 12' 5 7 .6 2 4 1 ",
- 7 4 ° 4 9 ' 4 5 .4 2 7 4 ”

RW W

R o ck aw ay

R o ck aw ay R iv er

FW 2
TM C1

D o v er

M o rris

4 0 ° 5 3 '2 1 .8 1 4 8 " ,
-7 4 ° 34' 14.6172"

R SC

R o ck aw ay

R o c k aw a y R iv er

FW 2
NTC1

D en v ille

M o rris

4 0 ° 5 3 '4 0 .6 5 3 6 " ,
-74° 2 7 ' 4 5 .0 6 1 2 "

W CL

W alkill

C lo v e B ro o k

FW 2
NT

S u ssex

S u ssex

W PA

W alkill

P a p a k a tin g C reek

FW 2
NTC1

F ra n k fo rd

S u ssex

4 1 ° 12' 2 5 .0 6 2 8 ",
-74° 36' 4 8 .1 5 "

4 1 ° 1 1 '4 3 .0 7 6 8 " ,
-74° 37' 3 6 .2 8 3 8 "
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downstream
0m

f o ........ -©......... 0 —-j

20 m

-0.......................0.......................... 0—

40 m

■O------- O.......... ~o~~‘

upstream

Figure 2: Site diagram. Three transects were established at
each site at 20m intervals. Three macroinvertebrate sampling
points were located along each transect; one in the center and
two V* of the way from the midpoint. Points were shifted lm
to the downstream right in the second sampling event.
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Table 2: Physical habitat assessment results. Revised from NJDEP’s Standard Operating
Procedures: Ambient Biomonitoring Using Benthic Macroinvertebrates (2007). A score
of 160-200 is optimal and 110-159 is sub-optimal. All sites were classified into one of
these two categories.

F lat B ro o k

W a lk ill

R o ck a w a y

H a b ita t P a ra m e te r

FBS

FBB

RW W

RSC

W CL

W PA

E p ifau n al S tru ctu re

18

13

16

12

10

10

E m b e d d ed n ess

17

19

15

9

16

5

14

11

V elo city /D ep th

18

16

16

10

S ed im en t

16

16

14

12

13

12

C h a n n el F lo w

16

17

13

13

13

12

C h a n n el A lteratio n

20

19

11

13

7

13

F re q u en c y o f R iffle

19

16

17

10

10

10

B an k S tab ility

18

18

16

14

13

16

B an k V eg etatio n

20

16

14

16

11

15

R ip arian V eg e tatio n

20

18

13

13

11

17

H ab itat S core

182

168

145

122

118

121

o p tim a l

o p tim a l

su b o p tim a l

su b o p tim a l

su b o p tim a l

su b o p tim a l
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Table 3: Land use/land cover percentages of the watersheds associated with each of the
six research sites. Flat Brook is dominated by forest, Rockaway has the highest
percentage of urban cover and the Wallkill watersheds have the highest percentages of
agriculture.

Flat Brook
FBB
FBS

Roc taway
RWW
RSC

Wall kill
WCL
WPA

Watershed area (km2)

42.03

75.62

107.38

251.36

50.58

40.25

Land Use/Land Cover
Percent agriculture
Percent barren land
Percent forest
Percent urban
Percent water
Percent wetland

0.04
0.00
83.42
0.52
1.27
14.76

0.34
0.03
85.33
1.95
1.67
10.67

0.33
0.84
59.89
23.27
4.62
11.05

0.39
0.90
51.12
32.36
5.12
9.96

21.64
0.22
47.30
12.71
2.18
15.95

31.16
0.32
38.44
15.22
0.71
14.14
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Land C over Legend
AGRICULTURE
BARREN LAND
FOREST
URBAN
WATE R
WETLANDS

Figure 3: A visual representation of land
use/land cover percentages in the three
study watersheds.
a.) Flat Brook b.) Rockaway c.) Flat Brook
Research sites are indicated by a star.
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Table 4: Land use/land cover percentages of the riparian zones associated with each of
the six research sites. Flat Brook is dominated by forest, Rockaway has the highest
percentage of urban cover and the Wallkill has the highest percentages of agriculture.

Flat] irook
FBS
FBB

Rockaway
RWW
RSC

Wal lkill
WCL
WPA

Stream length from
headwaters to sample
point (km)

14.41

21.02

23.80

37.57

26.71

22.05

100-meter riparian
zone area (km2)

2.58

4.00

4.43

7.10

4.62

3.72

Land Use/Land Cover
Percent agriculture
Percent barren land
Percent forest
Percent urban
Percent water
Percent wetland

0.00
0.00
55.25
0.60
4.70
39.45

1.20
0.00
62.77
2.00
5.32
28.68

0.11
0.01
33.09
21.37
15.13
30.29

0.27
0.23
25.04
32.37
13.04
29.05

11.83
0.00
32.24
14.44
6.21
35.28

22.57
0.20
32.23
9.10
1.11
34.80
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Land C o v e r Leg en d
A G R IC U L T U R E
|

B A R R E N LA N D

H H H

fo r est

■ ■ ■

URBAN
W ATER
W ETLANDS

Figure 4: A visual representation of land
use/land cover percentages in the riparian
zones.
a.) Flat Brook b.) Rockaway c.) Wallkill
Research sites are indicated by a star.
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Table 5: Eleven macroinvertebrate metrics were applied in order to evaluate the
biodiversity of the macroinvertebrate communities at the six sampling sites.
METRICS
Single Value Metrics
Taxa richness
Total density
EPT richness
Percent EPT
Mean Pollution Tolerance
Value (MPTV)
Percent non-insect
Percent Chironomidae
Functional feeding groups
(FFG)
Shannon Weiner Index of
Biodiversity (FT)
Multimetric Indices
Hilsenhoff Biotic Index
(HBI)

DESCRIPTION
Total number of unique taxa
Number of benthic individuals per m
Number of unique taxa within the EPT orders
# EPT taxa /total
Average score for all taxa per site.
# non-insect taxa/total
# Chironomidae/total
Percentages for each of the six groups calculated
for each site
H' = - iL pi In pi
pi = the proportion of individuals of species i
Number of individuals in each taxonomic group
is multiplied by its tolerance value, and a
weighted average tolerance score for that sample
is calculated (Hilsenhoff 1987).
H B I= sum

High Gradient
Macroinvertebrate Index at
the genus level (HGMIgen)

N

n = number of individuals of each taxon
a = tolerance value of each taxon
N = total number of organisms in the sample
Seven metrics are included in addition to
watershed area:
• total number of genera
• percent of non-insects
• percent of EPT individuals (excluding
Hydropsychidae)
• number of scrapers
• Hilsenhoff Biotic Index
• number of attribute 2 genera (highly sensitive &
uncommon taxa)
• number of attribute 3 genera (sensitive &
common taxa)
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Table 6: Summary of results of biological metrics computed from macroinvertebrate
samples.

Flat Brook
FBS
FBB
Single Value Metrics
Taxa richness
Total density (N/m2)
Percent EPT
EPT Richness
E (No. Ephemeroptera taxa)
P (No. Plecoptera taxa)
T (No. Trichoptera taxa)
Shannon Weiner Index
of Biodiversity (ET)
Mean Pollution Tolerance
Value (MPTV)
Percent non-insect
Percent Chironomidae
Multimetric Indices
Hilsenhoff Biotic Index (HBI)
High Gradient
Macroinvertebrate Index
(HGMIgen)
HGMIgen Rating

Rockaway
RWW RSC

Wallkill
WCL WPA

43
284

47
501

39
907

29
1112

29
1762

23
482

48
20
5
3
12

56
15
5
5
5

56
11
3
1
7

8
3
2
0
1

37
7
2
1
4

8
7
5
1
1

2.01

1.87

1.70

1.22

1.25

1.30

3.72

3.27

4.61

5.54

5.00

4.61

7
1

4
3

21
1

68
3

31
27

37
38

3.77
77.58

3.44
80.82

4.65
44.77

5.53
26.21

5.87
23.05

5.98
23.82

Excellent

Excellent

Good

Fair

Fair

Fair
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Figure 5: Percentages of functional feeding groups per site. FBS was the only
site to contain all six functional feeding groups. FBS and FBB contained the
greatest percentages of scrapers and predators.

Percent Forest Cover (Watershed Scale)

Percent Forest Cover (Watershed)

Percent Forest Cover (Riparian Scale)

Percent Forest Cover (Riparian)

Figure 6: Comparisons among the HGMI, HBI and Shannon Weiner indices and
percent forest cover at both watershed scale and landscape scales. High HGMI and
Shannon Weiner scores and low HBI scores are indicative of healthy
macroinvertebrate communities. All three indices show strong relationships to forest
cover.
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Table 7: Poisson regression model data for macroinvertebrates and LULC at the
watershed scale. Urban and water LULC significantly impact the number of EPT
bug species with p-value 0.01 and 0.04 respectively. Urban negatively affect the
number of EPT species and water positively affects the number of EPT species.

Criteria For Assessing Goodness Of Fit
Criterion

DF

Value
3
3
3
3

Deviance
Scaled Deviance
Pearson Chi-Square
Scaled Pearson X2
Log Likelihood
Full Log Likelihood
AIC (smaller is better)
AICC (smaller is better)
BIC (smaller is better)

Value/DF
3.9519
3.9519
4.1050
4.1050

1.3173
1.3173
1.3683
1.3683

92.4749
-14.1044
34.2088
46.2088
33.5841

Algorithm converged.
Analysis of Maximum Likelihood Parameter Estimates
Standard

Wald 95% Confidence

Parameter

DF

Intercept
Urban
Water
Scale

1
1
1
0

Estimate
2.4111
-0.0913
0.4634
1.0000

Error
0.1878
0.0355
0.2219
0.0000

Wald
Limits
2.0430
-0.1608
0.0284
1.0000

2.7791
-0.0218
0.8984
1.0000

Chi-Square
164.82
6.63
4.36

Pr > ChiSq
<0001
0.0100
0.0368
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Table 8: Poisson regression model data for macroinvertebrates and LULC at the
riparian scale. Urban and water LULC significantly impact the number of EPT bug
species with p-value 0.01 and 0.04 respectively. Urban negatively affect the
number of EPT species and water positively affects the number of EPT species.

Criteria for Assessing Goodness Of Fit
Criterion
Deviance
Scaled Deviance
Pearson Chi-Square
Scaled Pearson X2

DF

Value

Value/DF

3
3
3
3

1.8087
1.8087
1.8837
1.8837

0.6029
0.6029
0.6279
0.6279

Log Likelihood
Full Log Likelihood
AIC (smaller is better)
AICC (smaller is better)
BIC (smaller is better)

93.5465
-13.0328
32.0656
44.0656
31.4409

Algorithm converged.
Analysis Of Maximum Likelihood Parameter Estimates

Parameter DF
Intercept
Urban
Water
Scale

1
1
1
0

Standard
Estimate
2.5337
-1.5833
2.0967
1.0000

Wald 95% Confidence
Error
Limits
0.2053
0.5024
1.0678
0.0000

2.1314
-2.5679
0.0038
1.0000

2.9361
-0.5987
4.1896
1.0000

Wald
Chi-Square
152.35
9.93
3.86

Pr > ChiSq
<0001
0.0016
0.0496

NOTE: The scale parameter was held fixed.
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Table 9: Comparison of data collected at the four sites in this study that are common
sites with the NJ Ambient Biomonitoring Network (AMNET). Data for three of the four
sites (RSC, WCL, WPA) was comparable in ratings and scores. Site conditions at FBB
appear to have improved in the four year period between sampling events.

2008 HBI
2012 HBI
2008 HGMI
2012 HGMI
2008 HGMI Rating
2012 HGMI Rating
2008 Habitat Assessment Score
2012 Habitat Assessment Score
2008 Habitat Assessment Rating

FBB
5.15
3.44
58.91
80.82
Good
Excellent
182
168
Good

2012 Habitat Assessment Rating

Optimal

RSC
5.46
5.53
26.75
26.21
Fair
Fair
140
122
Sub
optimal
Sub
optimal

WCL
6.92
5.87
26.33
23.05
Fair
Fair
116
118
Sub
optimal
Sub
optimal

WPA
5.96
5.98
35.43
23.82
Fair
Fair
128
121
Sub
optimal
Sub
optimal
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Appendix: Species list, pollution tolerance values (PTV) and functional feeding group
(FFG) designations for the 106 taxa found at the six research locations.

ORDER/FAMILY
Amphipoda
Crangonyctidae
Gammaridae
Hyalellidae
Coleoptera

IDENTIFICATION
Crangonyx spp.
Gammarus fasciatus
Hyalella azteca

Flat Brook
FBS FBB

Rockaway
RWW
RSC

Wallkill
WPA
WCL
6

1

101

479

287
1

88

PTV

FFG

8

CG
CG
CG

6
8

CG,
Elmidae
Elmidae

Ancyronyx spp.
Dubiraphia spp.

1

Elmidae
Elmidae
Elmidae
Elmidae
Psephenidae
Psephenidae
Collembola
Collembola
Diptera
Athericidae
Athericidae
Chironomidae
Chironomidae
Empididae
Simuliidae
Simuliidae
Tabanidae
Tipulidae
Tipulidae
Tipulidae
Ephemeroptera
Baetidae

Optioservus spp.
Oulimnius latiusculus
Promoresia tardella
Stenelmis spp.
Ectopria spp.
Psephentis herricki

3

5

30

1

3

3
3

6
1
20

2
1
20

10

70

36

27

1

4

2

sc
sc

6

8

CG,

Collembola
Atherix spp.
Atherix variegata

8

Chironomidae
Tanypodinae (subfamily)
Hemerodromia spp.
Simuliidae pupa
Simulium spp.
Tabanus spp.
A ntocha spp.
Dicranota spp.
Tipula spp.

15
2

77

35

1

12

1

23
51
10

26

8
1

27

143
363
2

1

1
2

35

11

3

1

5
5
4

sc
sc
sc
sc
sc

10

CG

2
2

P
P

6
6

-

-

P
FC
FC
P, PI
CG
P
SH

5
3

1

3
1

sc

4
2

6
6
6
11

1

4

3

4

Acerpenna spp.

4

1

CG
CG,

Baetidae
Baetidae
Baetidae
Baetidae
Baetidae
Baetidae
Caenidae
Ephemerellidae
Ephemerellidae
Heptageniidae
Heptageniidae
Heptageniidae
Heptageniidae
Isonychiidae
Leptohyphidae
Leptophlebiidae
Leptophlebiidae
Gastropoda
Ancylidae
Ancylidae
Physidae
Pleuroceridae
Pleuroceridae
Hemiptera
Corixidae

1

Baetis spp.
Centroptilum spp.
Heterocloeon spp.
Plauditus spp.
Caenis spp.

21

1
2
1
1

Ephem erella spp.
Eurylophella spp.

3

Ancylidae
Ferrissia spp.
Physella spp.
Leptoxis spp.
Pleurocera acuta
Trichocorixa spp.

sc

CG
CG
SC
SC
CG
CG,
SC
SC
SC
SC
SC
SC
FC
CG
CG
CG

4
7

4
4

1

18

62

72

9
2

13
11
2

3
62

26

4
24

Leptophlebiidae
Paraleptophlebia spp.

4
6
2
2

1

3
30

Heptageniidae
Leucrocuta spp.
Maccaffertium spp.
Stenacron spp.
Isonychia spp.
Tricorythodes spp.

1

7

25

2
33
1

1

18

1
3

4
1

2

4
1

2
2
1
1

6

SC
SC
SC
FC
SC

9

P

6

3

7

1
1

2
1

5

9.1
1.6

13
10
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ORDER/FAMILY
Veliidae
Hirudinea
Erpobdellidae
Erpobdellidae
Glossiphoniidae
Hirudinidae
Hydracarina
Hydracarina
Isopoda
Asellidae
Megaloptera
Cory dal idae
Corydalidae
Sialidae
Sialidae
Odonata
Coenagrionidae
Coenagrionidae
Coenagrionidae
Cordulegastridae
Gomphidae
Gomphidae
Gomphidae
Gomphidae
Gomphidae
Gomphidae
Oligochaeta
Lumbriculidae
Lumbriculidae
Lumbriculidae
Oligochaeta
Tubificidae
Pelecypoda
Corbiculidae
Sphaeriidae
Plecoptera
Chloroperlidae
Chloroperlidae
Leuctridae
Perl idae
Perl idae
Perl idae
Perl idae
Perlodidae
Perlodidae
Pteronarcyidae
Trichoptera
Apataniidae
Brachycentridae
Glossosomatidae
Helicopsychidae
Hydropsych idae
Hydropsychidae
Hydropsychidae
Hydropsychidae
Hydropsychidae
Hydropsychidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroptilidae
Limnephilidae
Odontoceridae
Philopotamidae
Polycentropodidae

IDENTIFICATION
Rhagovelia obesa

FBS
5

FBB

RWW
2

RSC

1
1
4

Hydracarina

6

Caecidotea spp.

1

Nigronia serricornis
Nigronia spp.
Sialidae spp.
Stalls spp.

7
19

1
1

3

6
4

8

1

1
1
1

1

2
1
1

1

2
3
3
6

2
2
3
1

Lumbriculidae
9

8

Corbicula fluminea

Sphaeriidae

Isogenoides spp.

4

3
2

Perlodidae (imm.)
Pteronarcys spp.
Apatania spp.
Brachycentrus spp.
Glossosoma spp.
Helicopsyche borealis
Ceratopsyche morosa
Ceratopsyche slossonae
Ceratopsyche sparna
Cheumatopsyche campyla
Cheumatopsyche spp.
Hydropsyche betteni

Hydropsychidae
Hydroptilidae
Leucotrichia
Leucotrichia spp.
Pycnopsyche spp.
Psilotreta frontalis
Chimarra spp.
Polycentropus spp.

63
1

1

29

Limnodrilus spp.

Perl idae

8

2
43
1

3

Stylodrilus heringianus

A lloperla spp.
Haploperla brevis
Leuctra spp.
Acroneuria spp.
Agnetina spp.
Paragnetina spp.

109

5

Eclipidrilus lacustris

Oligochaeta

WPA

2

Erpobdellidae
M ooreobdella fervida
Gloiobdella elongata
Hirudinea spp.

A rgia moesta
Enallagma exsulans
Enallagma spp.
Cordulegaster maculata
Gomphus spp.
Lanthus vernalis
Ophiogomphus mainensis
Ophiogomphus rupinsulensis
Ophiogomphus spp.
Stylogomphus albistylus

WCL

3
1
2
4
2
1

5

2
1

1

2

1
5
1

2
10
1
1
2
8

2
3
24
1
1

115
3
78

3

1

30
1
1
1

16

48
20

1

2

425
28
2
1
7

1
1

1
1
1
2

15
6

3

3

PTV
9

FFG
PI

8
8
6
6

P
P
P
P

6

P

8

CG

0
2
4
4

P
P
P
P

6
9
9
3
5
5
1
1
1
1

P
P
P
P
P
P
P
P
P
P

8
8
5
8
10

CG
CG
CG
CG
CG

4
-

FC
FC

0
1
0
0
2
1
1
2
2
0

CG
SC
SH
P
P
P
P
P
P
SH

3
1
0
3
2
4
1
5
5
6
4
4
3
3
4
0
4
6

SC
FC
SC
SC
FC
FC
FC
FC
FC
FC
FC
PI
SC
SC
SH
SC
FC
FC, P
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ORDER/FAMILY
Psychomyiidae
Rhyacophilidae
Uenoidae
Turbellaria
Planariidae
Turbellaria

IDENTIFICATION
Psychomyia spp.
Rhyacophila spp.
Neophylax spp.

Planariidae
Turbellaria

FBS
2

FBB

RWW

RSC

WCL
1

7
2
1
1

WPA

PTV
2
1
3

FFG
CG
P
SC

4
4

-
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